quartiles of participants determined by 24-h urinary Na excretion per unit of body weight (UNa/BW). Results Average daily Na intake from Japanese high-Na foods was 2552 mg/day. Participants with a higher UNa/ BW consumed a significantly greater amount of high-Na Japanese foods, such as salted fish (P = 0.001) and miso soup (P < 0.001). They also had greater amount of rice (P = 0.001). Participants with lower UNa/BW consumed a significantly greater amount of western foods, such as bread (P < 0.001) and milk and dairy products (P < 0.001). Conclusions Detailed analyses of various Japanese and western food intakes in addition to Na intake were performed. These results can be used to help draw up effective programs for the reduction in Na intake and prevention of prehypertension/hypertension in the Japanese population.
Introduction
Excess sodium (Na) intake is one of the important modifiable lifestyle factors that contribute to elevated blood pressure (BP) and cardiovascular diseases (CVD). Observational studies have demonstrated that higher Na intake was associated with elevated BP [1, 2] . Direct associations with Na intake were also shown with coronary heart disease (CHD), stroke, and some non-cardiovascular diseases [3] [4] [5] . Clinical trials have provided evidence for the detrimental effect of Na on BP in both hypertensive and normotensive individuals [6, 7] . Based on these findings, Na reduction policies for prevention and control of hypertension have moved forward in many countries in the last several decades [8] . The prevalence of hypertension is high in Japan, at a level similar to other developed countries, although both prevalence of hypertension and average BP level have decreased largely [9, 10] . The prevalence was reported to be 46.1 % in adults 20 years of age and older by the National Health and Nutrition Survey Japan (NHNSJ) in 2012 [11] .
Higher Na intake in Japan than in western countries has been repeatedly reported in previous studies [1, [12] [13] [14] , which is attributable to habitual consumption of traditional high-Na Japanese foods, e.g., soy sauce, miso, and salted fish [15] . In a study performed in the 1950s using 24-h urine collection, average salt (NaCl) intake was estimated to be 17-27 g/day, varying among local regions [16] . Average salt intake has since decreased and was reported to be an average of 10.2 g/day in adults according to the NHNSJ 2012 [11] . During this period, westernization of diet has been observed, including increased consumption of bread, meat, milk, and dairy products [17] . However, this decrease has plateaued in recent years, and in a recent study using 24-h urine collection, average salt intake was estimated to be 12.1 and 10.2 g/day in men and women, respectively [18] . These recent average Na intake levels remain higher than the targeted Na intake value of 8 g/day of salt, according to Health Japan 21 (second edition), a 10-year national health promotion campaign [19] .
The INTERMAP Study is an ongoing international cooperative study on macro-/micronutrient intake and blood pressure in Japan, People's Republic of China, the UK, and the USA [20] , with data on dietary intake of each participant from four 24-h recalls and two timed 24-h urine collections. Here, we utilized the results of the Japanese participants of the INTERMAP Study to investigate the differences in both Na intake by food group and total food group consumption between participants with higher and lower Na intake, assessed by 24-h urinary Na excretion per unit of body weight. Foods were classified into groups based on whether they were Japanese or western foods. The results may shed light on the association of Japanese and western foods with Na intake and may be useful for drawing up effective programs for the reduction in Na intake and prevention of prehypertension/hypertension in the Japanese population.
Methods
Detailed methods of the INTERMAP Study have been previously described [20, 21] . In brief, participants visited clinics four times on two pairs of consecutive days, approximately two to three weeks apart. Anthropometrics, BP measurements, and medical and lifestyle data were collected, including four in-depth 24-h dietary recalls and two timed 24-h urine specimens (Fig. 1) .
Participants
Participants were men and women aged 40-59 years recruited by four research centers in Japan. Each sample was representative of a defined population; both the general population and workforce samples were included. Individuals were selected randomly from lists that included all eligible people of the population. In factories, the population lists included both manual and clerical workers. The four populations were as follows: factory workers from Toyama in central Japan (149 men and 150 women), factory workers from Sapporo in northern Japan (149 men and 148 women), residents of Aito town, central Japan (130 men and 129 women), and factory workers from Wakayama, central Japan (146 men and 144 women). The ethical 
Data collection
BP of the seated participant was measured twice/visit (for a total of eight times) with a random zero sphygmomanometer after at least 5 min of rest. Height and weight were measured twice at first and third visits (for a total of four times) (Fig. 1) . Height was measured without shoes. Weight was measured with light clothing and shoes off. Self-reported heights and weights were not acceptable. Using a questionnaire, trained observers inquired about physical activity, smoking status, previous medical history of cerebro-cardiovascular diseases, use of medication, and use of any special diet. Two questions were used to determine whether the participant followed a reduced Na diet. The first question was "are you following any special diet?" If answered yes, he/she was asked whether he/she was following various specified types of diet, among them a reduced Na diet.
Dietary assessment
Four in-depth 24-h dietary recalls were conducted with each participant, one at each of the four visits, by specially trained dietary interviewers. Prior to the data collection, in cooperation with the INTERMAP international nutritionist, a Japanese nutritionist supervising the national Japanese dietary data collection (termed the "country nutritionist") trained all interviewers and certified that they had the appropriate skills to conduct dietary interviews and process dietary data using computers. Standardized quality control procedures were utilized to ensure the quality of dietary data throughout data collection. Details of the procedures for assessing dietary intake of individual participants are described elsewhere [21] and are briefly summarized here. Standardized sets of food models were used in all four research centers. Participants were asked to report all foods and beverages, except for water, consumed within 24 h prior to the interview. The INTERMAP Food Table Japan (IFTJ), an integrated food composition table based on the Standard Tables for Food Composition in Japan, 4th edition, was used to code foods and calculate nutrient intake [22] . Because some codes for common high-Na foods were not included in the 4th Standard Table, they were added to the IFTJ prior to the survey, e.g., miso soup (standard dilution of miso paste), soup for Japanese/Chinese noodles (standard dilution of soy sauce, salt, etc.). When participants reported intake of certain Japanese pickles not included in the IFTJ, the Japanese country nutritionist assigned a new food code upon request, so that the interviewer could use the new code specifically for those pickles, rather than using codes for the component vegetables and salt. New food codes for certain types of salted fish were also assigned. For condiments used during cooking, standard recipes were used, e.g., to estimate soy sauce, salt, sugar, with reliance on a computer program specifically designed for the INTERMAP survey in Japan. To aid in quantification of discretionary use of condiments, participants were asked to recreate their use of soy sauce and/or salt on an electric balance.
The Nutrition Coordinating Center in Minnesota, in cooperation with the Japanese country nutritionist, was responsible for completion of the food database of the nutrient composition of all foods consumed by INTER-MAP participants, and for assuring the quality of the dietary data.
Urine collection and urinary Na and K measurements
Each participant provided two 24-h urine collections, with start and end times recorded at the research center; measurements included urinary volume, Na, K, and creatinine. Urinary values per 24 h were calculated as the product of urinary concentration and timed volume, standardized to 24 h.
Food groups
To explore the association of food consumption with Na intake, 2508 food codes used in the dietary recalls were classified into 46 groups (Table 1) . When developing the 46 food groups, the following aspects of the foods were taken into account: whether Na was added (processed foods with/ without added Na), and whether the food was an indigenous Japanese food (including Chinese food) or a western food brought to Japan. Vegetables were grouped according to cooking procedure: boiled/stewed vegetables (relatively Japanese style), or raw/stir fried vegetables (relatively western style). The 46 food groups were grouped into seven non-overlapping categories: starchy foods, protein foods, vegetables, soups, condiments, dairy products and snacks, and beverages.
Data analysis
Participants taking antihypertensive medication (n = 71) and/or consuming a reduced Na diet (n = 36) were excluded from the analyses; thus, 1049 participants (531 men and 518 women) were included in this study. Using the whole dietary recall of these participants (4196 recalls), the sum of the Na (mg) and sum of the amount of food consumed (g) for each food group were calculated. Average Na content (mg/100 g) was calculated as the sum of Na contained (mg) divided by the sum of the amount of food consumed (100 g) for each food group. Daily food (g) and Na (mg) intakes of each of the 46 food groups by each participant were calculated from the four 24-h dietary recalls data, divided by four. Energy intake excluding alcohol [total energy minus alcohol (g) × 7.1] was used to calculate Na/food intake per 1000 kcal of total energy intake of the participant, because alcoholic beverages contain virtually no Na, but contribute to energy intake. Using total energy including alcohol leads to lower calculated caloric densities especially for heavy drinkers. The mean of the two 24-h urinary Na excretion values (UNa, mg/24 h) divided by body weight (BW, kg) (UNa/ BW, mg/24 h/kg) for each participant was calculated. Participants were divided into quartiles according to UNa/BW, men and women separately. Spearman's correlation coefficient between dietary Na intake (mg/1000 kcal) and Una/ BW quartile was calculated. To explore any association between diet and salt intake among those with higher and lower Na intake, Na intake per 1000 kcal of total energy intake from each of the 46 food groups (mg/1000 kcal) was compared among the quartiles of UNa/BW, men and women combined. Intake of each of the 46 food groups per 1000 kcal of total energy intake (g/1000 kcal) was also compared among the quartiles.
All eight readings of SBP/DBP were used to calculate the average SBP/DBP of each participant. For height and weight, means of four measurements were used in the analyses. The P value was calculated to examine the linear relationship among the UNa/BW quartiles, analyzed as a continuous variable. Two-tailed significance level was set at P < 0.05. SPSS statistics version 21.0 (IBM Corporation, Tokyo, Japan) was used for all analyses.
Results
Data from 531 men and 518 women were analyzed. The average Na content (mg/100 g) and average daily Na intake (mg/day) for each food group consumed in the dietary survey are shown in Table 1 . Traditional Japanese food with added Na had particularly high levels of Na content, e.g., 2192 mg/100 g for salted/canned fish and 1814 mg/100 g for Japanese pickles. As to Na intake per day, bread (161 mg/day) in the starchy food category, salted/canned fish (396 mg/day) in the protein foods category, Japanese pickles (543 mg/day) in the vegetable category, miso soup (325 mg/day) in the soup category, and soy sauce (806 mg/ day) in the condiment category were the top contributors within their categories ( Table 1 ). The average Na intake from Japanese high-Na foods (i.e., salted/canned fish, fish cakes, Japanese pickles, miso soup, soup for use with a Average Na content was calculated from the sum of Na intake divided by the total food consumption for each food group from the four 24-h dietary recalls of all participants noodles, soy sauce, low-salt soy sauce, and miso paste) totaled 2552 mg/day. Characteristics by UNa/BW quartile are shown in Table 2 . Those in the highest UNa/BW quartile were older (P = 0.001), lower in BMI (P = 0.001), and DBP (P = 0.029) than those in the lower quartile. Dietary intakes of protein (P = 0.017), carbohydrate (P = 0.032), and Na (P < 0.001) were significantly higher in the higher quartiles. Spearman's correlation coefficient between dietary Na intake (mg/1000 kcal) and UNa/BW quartile was 0.332 (P < 0.001) (data not shown). Intakes of total fat, saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), and Keys lipid scores [23] were significantly higher in the lower quartiles (P < 0.001 for all variables).
With participants stratified by UNa/BW quartiles, Na intake per 1000 kcal of total energy intake from each food groups is shown in Table 3 . Intakes of Na from Japanese high-Na foods were significantly higher in the higher UNa/ BW quartiles; P was less than 0.001 for salted/canned fish, Japanese pickles, and miso soup. However, Na intakes from bread (P < 0.001), milk, and other dairy products (P = 0.001) were significantly higher in the lower quartiles. Na intake from each food group per day (mg/day) for participants stratified by quartiles of UNa/BW is shown in Online Table 1 . The trends across quartiles were similar to those values per 1000 kcal. Table 4 gives food consumption data by UNa/BW quartiles. The foods that demonstrated a positive association between Na intake and UNa/BW quartiles in Table 3 showed a similar trend between consumption amount and UNa/BW quartiles. In addition, intakes of rice (P = 0.001), boiled/stewed vegetables (P < 0.001), and potatoes (P < 0.001) were significantly higher in the higher quartiles; these foods contain almost no Na. Average intake of rice was 169 g/1000 kcal and 195 g/1000 kcal for the lowest and the highest quartile, respectively. Intakes of bread , where S is the percent of calories from SFA, P is the percent of calories from PUFA, and C is dietary cholesterol (mg/1000 kcal) (P < 0.001), milk and other dairy products (P < 0.001), ice cream (P < 0.001), other soft drinks (P = 0.016), and sports drinks (P = 0.048) were significantly higher in the lower quartiles. Average intake of bread was 20 g/1000 kcal and 13 g/1000 kcal for the lowest and the highest quartile, respectively, and for milk and dairy products, it was 68 g/1000 kcal and 47 g/1000 kcal for the lowest and the highest quartile, respectively.
Discussion
The main findings of the present study on the association of estimated Na intake with food consumption in middleaged Japanese adults were that the contribution of Japanese foods with a high content of added Na, e.g., salted fish, Japanese pickles, miso soup, and soy sauce, to total Na intake was high in the study population, and that intake of these foods was higher in participants with higher UNa/ BW. Contributions of western foods to total Na intake, e.g., bread, milk, and other dairy products, were small; participants in the lower quartiles consumed these foods in higher quantities than those in the higher quartiles. In addition to high-Na Japanese foods, participants with higher UNa/BW consumed more foods without Na, including rice, boiled/stewed vegetables, potatoes, sugar, and sweeteners. These findings indicate that consumption of traditional Japanese-style diets with rice and high-Na Japanese foods [salted fish, Japanese pickles, miso soup, salty side dishes cooked with soy sauce, and sugar (teriyaki flavor)] all contribute to excess Na intake in Japan. A reduction in Na content in high-Na Japanese foods should be effective in decreasing Na intake in the Japanese population. There was no association between the consumption of tofu, unsalted fish, unsalted meat, and eggs with UNa/BW. Participants in the lower quartiles consumed more western foods, e.g., bread, milk, and other dairy products. Na intake is generally higher in Asian countries than in western countries [14] , as observed in this Japanese study population.
Westernization of the diet in Japan may have partially contributed to Na reduction in the last several decades.
Participants in the higher Una/BW quartile tended to be older, lower in BMI, and had more traditional Japanesestyle diets. Higher Na intake level in older people has been often reported in the NHNSJ. In the 2012 NHNSJ, average salt intake was 9.8 and 10.8 g/day for participants in their 20 and 50 s, respectively [11] . Consumption of meat and bread has been higher in younger participants, and consumption of rice, fish, and Japanese pickles has been higher in older participants according to the NHNSJ. Adolescents have tended to more favor westernized foods than the elderly. This difference between generations may have partially contributed to the decrease in Na intake observed in younger generations. Although this trend may result in a decrease in Na intake to some extent, current Na intake levels in Japanese adolescents remain higher compared with those of western countries [14] , and well over the target value in Japan (8 g/day of salt) [19] , as well as the WHO's recommended value (5 g/day) [24] . Comprehensive efforts to reduce Na intake level in the Japanese population are required, for both decreasing the Na content of manufactured foods and for education of the public on the harmful effects of excess Na intake.
The Japanese has been enjoying one of the highest longevities in the world since mid-1980s [25] : Average life expectancy was 80.21 and 86.61 years for men and women, respectively, in 2013 [26] . However, it was lower than in western developed countries only several decades ago [27] . Nutrition status in Japan was poor in the 1950s; percent energy intake from protein was approximately 13 % and was as low as 7 % for fat [17] . Furthermore, daily salt intake exceeded 20 g/day in some local area in Japan [16] . In the 1960s, the stroke mortality rate in Japan was the highest in the world, while CHD mortality was quite low [25, 28] . Stroke mortality has declined since 1965, coinciding with decreases in BP levels and Na intake levels [9, 25, 28] . The average SBP for men aged 60-69 declined approximately 15 mmHg between 1965 and 1990, and the prevalence of severe hypertension, defined as SBP ≥180 mmHg, was 21 % in 1965 and 4 % in 1990. Furthermore, age-adjusted stroke mortality decreased by approximately 80 % during this period [25] . Following the economic growth of this period, westernization of the diet has resulted in increased intakes of protein and fat [17] . However, present average macronutrient intake status in Japan still differs from western countries. In the NHNSJ 2012, intake of total fat (25.8 % kcal) and SFA (6.9 % kcal) by the Japanese was shown to be lower than in developed western countries, and vegetable protein intake (6.9 % kcal) was higher [11] ; these levels were similar to those of the DASH diet [6] . Furthermore, the Japanese INTERMAP participants showed a higher intake of marine-derived n-3 PUFA (0.5 % kcal) [29] . These aspects may have contributed to the prevention of rises in obesity and serum total cholesterol levels [30] , and may maintain higher high-density lipoprotein cholesterol levels [29] . The recent prevalence of overweight and obese (BMI ≥25.0 kg/m 2 ) Japanese adults was reported to be 28.9 and 17.6 % for men and women, respectively, much lower than in western countries [31] . Average serum total cholesterol level has increased, but the value for middleaged men has not exceeded 200 mg/dL [11, 25] .
Under these circumstances, increase in CHD mortality is not evident in Japan [28] . The declining trend in BP level has plateaued recently, and the average Na intake level remains high in Japan [25] . With further prevention/ management of hypertension, there may be room for further decrease in the incidence/mortality rate of stroke. In Japan, stroke is the most significant cause of impairment in the ability to perform activities in daily living (ADL) [32, 33] , for which hypertension is the most important risk factor [34] . Despite the increase in average life expectancy, the burden of nursing care is rapidly increasing [35] . The contribution of high-Na intake in CVD deaths was reported to be greater than high BMI [36] . Thus, a further decrease in average Na intake level is important for the prevention and control of prehypertension/hypertension, stroke, and disability in Japan. Na reduction, while maintaining the basic aspects of the Japanese diet, may help prevent prehypertension/hypertension and CVD. Consuming appropriate amounts of western foods/dishes may also aid in the reduction in Na intake to some degree. However, it is important to keep in mind that people consuming a western-style diet may also suffer from hypertension. Increases in the intake of energy, total fat, and SFA may increase the risk of obesity, BP, and serum total cholesterol levels in Japan. Furthermore, caution must be taken to avoid excess intake of soft drinks, high fat dairy products, as well as salty cured meat.
In these Japanese INTERMAP participants, only a small percentage of participants (n = 36, 3.1 %) reported partaking in a reduced Na diet. Na reduction has been widely recommended for several decades in Japan. In the NHNSJ 2000, about one-third of the male and half of the female middle-aged participants answered that they were conscious of Na content when they chose foods/dishes [37] . However, the actual number of people consuming a reduced Na diet may have been fewer. We have previously reported that there was only a modest difference in 24-h urinary Na excretion (approximately 1 g NaCl equivalent) between those reporting a reduced Na diet and the remaining Japanese INTERMAP participants [38] . This difference may become even smaller for those only conscious of the need of Na reduction and not actively partaking in such a diet. Thus, these results emphasize the importance of a population-based approach for further Na reduction. A decrease in Na content of a wide variety of manufactured foods is necessary to achieve this. Recent UK experience merits attention: Goals were set for reduction in Na added in processed foods, and level of Na intake (estimated with use of 24-h urine collection) was successively decreased [39, 40] . Until recently, Japanese regulations required Na content, not NaCl equivalent, to be labeled on manufactured foods [41] . However, a legal revision in 2015 now requires NaCl equivalents to be on the labels [42] . Labels clearly showing NaCl content may help those who want to reduce their Na intake from manufactured foods by choosing lower Na foods. Average salt intake per day has decreased around two grams according to NHNSJ data collected by semi-weighed dietary records [17] , from 12.1 g per capita in 1985 to 10.2 g in 2010 [11] . However, this trend differs from studies using 24-h urine collection in Japan; estimated daily salt intakes were 11.6 and 10.3 g for men and women, respectively, in the 1980s [1] , a similar level in the 1990s [13, 43] , and 12.1 and 10.2 g in a 2013 study [18] .
There are limitations to this study. We used the Na content of foods listed in the ITFJ, which is based on the Standard Tables for Food Composition in Japan, 4th edition, to calculate Na intake. For use of condiments during cooking, we used standard recipes including soy sauce, salt, and sugar, without confirming the amounts of condiments actually used. Thus, there may be differences between Na content in the foods consumed and the true content.
In summary, these data demonstrated that people with higher Na intake consumed greater amounts of Japanese foods both with and without added Na. People with lower Na intake consumed a more westernized diet, with more consumption of bread, milk, and other dairy products. In conclusion, a decrease in Na content of high-Na Japanese foods and a moderate increase in consumption of appropriate western-type foods may be effective in reducing salt intake for the prevention and control of prehypertension/ hypertension and cardiovascular diseases in Japan.
